Characterization of multidrug resistance and monitoring of tumor response by combined 31P and 1H nuclear magnetic resonance spectroscopic analysis.
A combined 31P and 1H nuclear magnetic resonance (NMR) spectroscopic study was carried out in drug-sensitive and adriamycin- and mitoxantrone-resistant P388 murine leukemic cells. Typical spectral changes characteristic of multidrug resistance were observed in resistant cells compared to drug-sensitive cells. Quantitative comparison of phosphate metabolites ATP, phosphocreatine, phosphomonoesters and phosphodiesters revealed a significant alteration in the metabolism of resistant cells. The elevated levels of energy metabolites supported the energy-dependent process of drug efflux in resistant cells. An increased rate of glycolysis in resistant cells as indicated by the elevated lactate level further supported this. The near total loss of energy metabolites and marked decrease in phospholipid metabolites in sensitive cells upon treatment with drug compared to unaltered metabolite levels in resistant cells suggested that the spectral changes can reveal the subtle differences in tumor response between drug-sensitive and -resistant cells. The results substantiate the potential of this non-invasive method to characterize the multidrug resistance phenotype and monitor tumor response.